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Explanation

The Code of Federal Regulations is a codification of the general and permanent
rules published in the Federal Register by the Executive departments and agen-
cies of the Federal Government. The Code is divided into 50 titles which represent
broad areas subject to Federal regulation. Each title is divided into chapters
which usually bear the name of the issuing agency. Each chapter is further sub-
divided into parts covering specific regulatory areas.

Each volume of the Code is revised at least once each calendar year and issued
on a quarterly basis approximately as follows:

Title 1 through Title 16.....ccciiiiiiiiiiiiiiii e enes as of January 1
Title 17 through Title 27 as of April 1
Title 28 through Title 41 ..o as of July 1
Title 42 through Title 50....ccciuiiiiiiiiiiiiii e aens as of October 1

The appropriate revision date is printed on the cover of each volume.
LEGAL STATUS

The contents of the Federal Register are required to be judicially noticed (44
U.S.C. 1507). The Code of Federal Regulations is prima facie evidence of the text
of the original documents (44 U.S.C. 1510).

HOW TO USE THE CODE OF FEDERAL REGULATIONS

The Code of Federal Regulations is kept up to date by the individual issues
of the Federal Register. These two publications must be used together to deter-
mine the latest version of any given rule.

To determine whether a Code volume has been amended since its revision date
(in this case, July 1, 2009), consult the ‘“‘List of CFR Sections Affected (LSA),”
which is issued monthly, and the ‘“‘Cumulative List of Parts Affected,”” which
appears in the Reader Aids section of the daily Federal Register. These two lists
will identify the Federal Register page number of the latest amendment of any
given rule.

EFFECTIVE AND EXPIRATION DATES

Each volume of the Code contains amendments published in the Federal Reg-
ister since the last revision of that volume of the Code. Source citations for
the regulations are referred to by volume number and page number of the Federal
Register and date of publication. Publication dates and effective dates are usu-
ally not the same and care must be exercised by the user in determining the
actual effective date. In instances where the effective date is beyond the cut-
off date for the Code a note has been inserted to reflect the future effective
date. In those instances where a regulation published in the Federal Register
states a date certain for expiration, an appropriate note will be inserted following
the text.

OMB CONTROL NUMBERS
The Paperwork Reduction Act of 1980 (Pub. L. 96-511) requires Federal agencies
to display an OMB control number with their information collection request.
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Many agencies have begun publishing numerous OMB control numbers as amend-
ments to existing regulations in the CFR. These OMB numbers are placed as
close as possible to the applicable recordkeeping or reporting requirements.

OBSOLETE PROVISIONS

Provisions that become obsolete before the revision date stated on the cover
of each volume are not carried. Code users may find the text of provisions in
effect on a given date in the past by using the appropriate numerical list of
sections affected. For the period before January 1, 1986, consult either the List
of CFR Sections Affected, 1949-1963, 1964-1972, or 1973-1985, published in seven sep-
arate volumes. For the period beginning January 1, 1986, a ‘‘List of CFR Sections
Affected” is published at the end of each CFR volume.

INCORPORATION BY REFERENCE

What is incorporation by reference? Incorporation by reference was established
by statute and allows Federal agencies to meet the requirement to publish regu-
lations in the Federal Register by referring to materials already published else-
where. For an incorporation to be valid, the Director of the Federal Register
must approve it. The legal effect of incorporation by reference is that the mate-
rial is treated as if it were published in full in the Federal Register (b U.S.C.
562(a)). This material, like any other properly issued regulation, has the force
of law.

What is a proper incorporation by reference? The Director of the Federal Register
will approve an incorporation by reference only when the requirements of 1 CFR
part 51 are met. Some of the elements on which approval is based are:

(a) The incorporation will substantially reduce the volume of material pub-
lished in the Federal Register.

(b) The matter incorporated is in fact available to the extent necessary to
afford fairness and uniformity in the administrative process.

(¢c) The incorporating document is drafted and submitted for publication in
accordance with 1 CFR part 51.

Properly approved incorporations by reference in this volume are listed in the
Finding Aids at the end of this volume.

What if the material incorporated by reference cannot be found? If you have any
problem locating or obtaining a copy of material listed in the Finding Aids of
this volume as an approved incorporation by reference, please contact the agency
that issued the regulation containing that incorporation. If, after contacting the
agency, you find the material is not available, please notify the Director of the
Federal Register, National Archives and Records Administration, Washington DC
20408, or call 202-741-6010.

CFR INDEXES AND TABULAR GUIDES

A subject index to the Code of Federal Regulations is contained in a separate
volume, revised annually as of January 1, entitled CFR INDEX AND FINDING AIDS.
This volume contains the Parallel Table of Statutory Authorities and Agency
Rules (Table I). A list of CFR titles, chapters, and parts and an alphabetical
list of agencies publishing in the CFR are also included in this volume.

An index to the text of ‘““Title 3—The President’ is carried within that volume.

The Federal Register Index is issued monthly in cumulative form. This index
is based on a consolidation of the ‘“‘Contents’ entries in the daily Federal Reg-
ister.

A List of CFR Sections Affected (ILLSA) is published monthly, keyed to the
revision dates of the 50 CFR titles.
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REPUBLICATION OF MATERIAL

There are no restrictions on the republication of material appearing in the
Code of Federal Regulations.

INQUIRIES

For a legal interpretation or explanation of any regulation in this volume,
contact the issuing agency. The issuing agency’s name appears at the top of
odd-numbered pages.

For inquiries concerning CFR reference assistance, call 202-741-6000 or write
to the Director, Office of the Federal Register, National Archives and Records
Administration, Washington, DC 20408 or e-mail fedreg.info@nara.gov.

SALES

The Government Printing Office (GPO) processes all sales and distribution of
the CFR. For payment by credit card, call toll-free, 866-512-1800, or DC area, 202-
512-1800, M-F 8 a.m. to 4 p.m. e.s.t. or fax your order to 202-512-2250, 24 hours
a day. For payment by check, write to: US Government Printing Office — New
Orders, P.O. Box 979050, St. Louis, MO 63197-9000. For GPO Customer Service call
202-512-1803.

ELECTRONIC SERVICES

The full text of the Code of Federal Regulations, the LSA (List of CFR Sections
Affected), The United States Government Manual, the Federal Register, Public
Laws, Public Papers, Weekly Compilation of Presidential Documents and the Pri-
vacy Act Compilation are available in electronic format at www.gpoaccess.gov/
nara (‘“‘GPO Access”). For more information, contact Electronic Information Dis-
semination Services, U.S. Government Printing Office. Phone 202-512-1530, or 888-
293-6498 (toll-free). E-mail, gpoaccess@gpo.gov.

The Office of the Federal Register also offers a free service on the National
Archives and Records Administration’s (NARA) World Wide Web site for public
law numbers, Federal Register finding aids, and related information. Connect
to NARA’s web site at www.archives.gov/federal-register. The NARA site also con-
tains links to GPO Access.

RAYMOND A. MOSLEY,
Director,

Office of the Federal Register.
July 1, 2009.
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THIS TITLE

Title 40—PROTECTION OF ENVIRONMENT is composed of thirty-two volumes. The
parts in these volumes are arranged in the following order: parts 1-49, parts 50—
51, part 52 (52.01-52.1018), part 52 (52.1019-end of part 52), parts 53-59, part 60 (60.1-
end of part 60, sections), part 60 (Appendices), parts 61-62, part 63 (63.1-63.599),
part 63 (63.600-63.1199), part 63 (63.1200-63.1439), part 63 (63.1440-63.6175), part 63
(63.6580-63.8830), part 63 (63.8980-end of part 63) parts 64-71, parts 72-80, parts 81—
84, part 85-§86.599-99, part 86 (86.600-1-end of part 86), parts 87-99, parts 100-135,
parts 136-149, parts 150-189, parts 190-259, parts 260-265, parts 266-299, parts 300—
399, parts 400-424, parts 425-699, parts 700-789, parts 790-999, and part 1000 to end.
The contents of these volumes represent all current regulations codified under
this title of the CFR as of July 1, 2009.

Chapter I—Environmental Protection Agency appears in all thirty-two vol-
umes. Regulations issued by the Council on Environmental Quality, including
an Index to Parts 1500 through 1508, appear in the volume containing part 1000
to end. The OMB control numbers for title 40 appear in §9.1 of this chapter.

For this volume, Jonn V. Lilyea was Chief Editor. The Code of Federal Regula-
tions publication program is under the direction of Michael L. White, assisted
by Ann Worley.

ix






Title 40—Protection of
Environment

(This book contains part 60, appendices)

Part

CHAPTER I—Environmental Protection Agency (Continued) 60






CHAPTER I—ENVIRONMENTAL PROTECTION
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EDITORIAL NOTE: Nomenclature changes to chapter I appear at 656 FR 47324, 47325, Aug. 2,
2000.

SUBCHAPTER C—AIR PROGRAMS (CONTINUED)
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SUBCHAPTER C—AIR PROGRAMS (CONTINUED)

PART 60—STANDARDS OF PER-

FORMANCE FOR NEW STA-
TIONARY SOURCES (CONTIN-
UED)
APPENDIX A-1 TO PART 60—TEST METHODS 1
THROUGH 2F
APPENDIX A-2 TO PART 60—TEST METHODS 2G
THROUGH 3C
APPENDIX A-3 TO PART 60—TEST METHODS 4
THROUGH 51
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THROUGH 10B

APPENDIX A-5 TO PART 60—TEST METHODS 11
THROUGH 15A

APPENDIX A-6 TO PART 60—TEST METHODS 16
THROUGH 18

APPENDIX A-7 TO PART 60—TEST METHODS 19
THROUGH 25E

APPENDIX A-8 TO PART 60—TEST METHODS 26
THROUGH 29

APPENDIX B TO PART 60—PERFORMANCE SPEC-
IFICATIONS

APPENDIX C TO PART 60—DETERMINATION OF
EMMISSION RATE CHANGE

APPENDIX D TO PART 60—REQUIRED EMISSION
INVENTORY INFORMATION

APPENDIX E TO PART 60 [RESERVED]

APPENDIX F TO PART 60—QUALITY ASSURANCE
PROCEDURES

APPENDIX G TO PART 60—PROVISIONS FOR AN
ALTERNATIVE METHOD OF DEMONSTRATING
COMPLIANCE WITH 40 CFR 60.43 FOR THE
NEWTON POWER STATION OF CENTRAL ILLI-
NOIS PUBLIC SERVICE COMPANY

APPENDIX H TO PART 60 [RESERVED]

APPENDIX I TO PART 60—REMOVABLE LABEL
AND OWNER’S MANUAL

AUTHORITY: 42 U.S.C. 7401-7601.

SOURCE: 36 FR 24877, Dec. 23, 1971, unless
otherwise noted.

APPENDIX A-1 TO PART 60—TEST
METHODS 1 THROUGH 2F

Method 1—Sample and velocity traverses for
stationary sources

Method 1A—Sample and velocity traverses
for stationary sources with small stacks or
ducts

Method 2—Determination of stack gas veloc-
ity and volumetric flow rate (Type S pitot
tube)

Method 2A—Direct measurement of gas vol-
ume through pipes and small ducts

Method 2B—Determination of exhaust gas
volume flow rate from gasoline vapor in-
cinerators

Method 2C—Determination of gas velocity
and volumetric flow rate in small stacks or
ducts (standard pitot tube)

Method 2D—Measurement of gas volume flow
rates in small pipes and ducts

Method 2E—Determination of landfill gas
production flow rate

Method 2F—Determination of Stack Gas Ve-
locity and Volumetric Flow Rate With

Three-Dimensional Probes

The test methods in this appendix are re-
ferred to in §60.8 (Performance Tests) and
§60.11 (Compliance With Standards and
Maintenance Requirements) of 40 CFR part
60, subpart A (General Provisions). Specific
uses of these test methods are described in
the standards of performance contained in
the subparts, beginning with Subpart D.

Within each standard of performance, a
section title ‘‘Test Methods and Procedures”
is provided to: (1) Identify the test methods
to be used as reference methods to the facil-
ity subject to the respective standard and (2)
identify any special instructions or condi-
tions to be followed when applying a method
to the respective facility. Such instructions
(for example, establish sampling rates, vol-
umes, or temperatures) are to be used either
in addition to, or as a substitute for proce-
dures in a test method. Similarly, for
sources subject to emission monitoring re-
quirements, specific instructions pertaining
to any use of a test method as a reference
method are provided in the subpart or in Ap-
pendix B.

Inclusion of methods in this appendix is
not intended as an endorsement or denial of
their applicability to sources that are not
subject to standards of performance. The
methods are potentially applicable to other
sources; however, applicability should be
confirmed by careful and appropriate evalua-
tion of the conditions prevalent at such
sources.

The approach followed in the formulation
of the test methods involves specifications
for equipment, procedures, and performance.
In concept, a performance specification ap-
proach would be preferable in all methods
because this allows the greatest flexibility
to the user. In practice, however, this ap-
proach is impractical in most cases because
performance specifications cannot be estab-
lished. Most of the methods described herein,
therefore, involve specific equipment speci-
fications and procedures, and only a few
methods in this appendix rely on perform-
ance criteria.

Minor changes in the test methods should
not necessarily affect the validity of the re-
sults and it is recognized that alternative
and equivalent methods exist. Section 60.8
provides authority for the Administrator to
specify or approve (1) equivalent methods, (2)
alternative methods, and (3) minor changes
in the methodology of the test methods. It
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should be clearly understood that unless oth-
erwise identified all such methods and
changes must have prior approval of the Ad-
ministrator. An owner employing such meth-
ods or deviations from the test methods
without obtaining prior approval does so at
the risk of subsequent disapproval and re-
testing with approved methods.

Within the test methods, certain specific
equipment or procedures are recognized as
being acceptable or potentially acceptable
and are specifically identified in the meth-
ods. The items identified as acceptable op-
tions may be used without approval but
must be identified in the test report. The po-
tentially approvable options are cited as
‘“‘subject to the approval of the Adminis-
trator’” or as ‘‘or equivalent.” Such poten-
tially approvable techniques or alternatives
may be used at the discretion of the owner
without prior approval. However, detailed
descriptions for applying these potentially
approvable techniques or alternatives are
not provided in the test methods. Also, the
potentially approvable options are not nec-
essarily acceptable in all applications.
Therefore, an owner electing to use such po-
tentially approvable techniques or alter-
natives is responsible for: (1) assuring that
the techniques or alternatives are in fact ap-
plicable and are properly executed; (2) in-
cluding a written description of the alter-
native method in the test report (the written
method must be clear and must be capable of
being performed without additional instruc-
tion, and the degree of detail should be simi-
lar to the detail contained in the test meth-
ods); and (3) providing any rationale or sup-
porting data necessary to show the validity
of the alternative in the particular applica-
tion. Failure to meet these requirements can
result in the Administrator’s disapproval of
the alternative.

METHOD 1—SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY SOURCES

NoTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling) essen-
tial to its performance. Some material is in-
corporated by reference from other methods
in this part. Therefore, to obtain reliable re-
sults, persons using this method should have
a thorough knowledge of at least the fol-
lowing additional test method: Method 2.

1.0 Scope and Application

1.1 Measured Parameters. The purpose of
the method is to provide guidance for the se-
lection of sampling ports and traverse points
at which sampling for air pollutants will be
performed pursuant to regulations set forth
in this part. Two procedures are presented: a
simplified procedure, and an alternative pro-
cedure (see Section 11.5). The magnitude of
cyclonic flow of effluent gas in a stack or
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duct is the only parameter quantitatively
measured in the simplified procedure.

1.2 Applicability. This method is applica-
ble to gas streams flowing in ducts, stacks,
and flues. This method cannot be used when:
(1) the flow is cyclonic or swirling; or (2) a
stack is smaller than 0.30 meter (12 in.) in di-
ameter, or 0.071 m2 (113 in.2) in cross-sec-
tional area. The simplified procedure cannot
be used when the measurement site is less
than two stack or duct diameters down-
stream or less than a half diameter upstream
from a flow disturbance.

1.3 Data Quality Objectives. Adherence to
the requirements of this method will en-
hance the quality of the data obtained from
air pollutant sampling methods.

NOTE: The requirements of this method
must be considered before construction of a
new facility from which emissions are to be
measured; failure to do so may require subse-
quent alterations to the stack or deviation
from the standard procedure. Cases involving
variants are subject to approval by the Ad-
ministrator.

2.0 Summary of Method

2.1 This method is designed to aid in the
representative measurement of pollutant
emissions and/or total volumetric flow rate
from a stationary source. A measurement
site where the effluent stream is flowing in a
known direction is selected, and the cross-
section of the stack is divided into a number
of equal areas. Traverse points are then lo-
cated within each of these equal areas.

3.0 Definitions [Reserved]
4.0 Interferences [Reserved]

5.0 Safety

5.1 Disclaimer. This method may involve
hazardous materials, operations, and equip-
ment. This test method may not address all
of the safety problems associated with its
use. It is the responsibility of the user of this
test method to establish appropriate safety
and health practices and determine the ap-
plicability of regulatory limitations prior to
performing this test method.

6.0 Equipment and Supplies.

6.1 Apparatus. The apparatus described
below is required only when utilizing the al-
ternative site selection procedure described
in Section 11.5 of this method.

6.1.1 Directional Probe. Any directional
probe, such as United Sensor Type DA Three-
Dimensional Directional Probe, capable of
measuring both the pitch and yaw angles of
gas flows is acceptable. Before using the
probe, assign an identification number to the
directional probe, and permanently mark or
engrave the number on the body of the
probe. The pressure holes of directional
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probes are susceptible to plugging when used
in particulate-laden gas streams. Therefore,
a procedure for cleaning the pressure holes
by ‘‘back-purging’’ with pressurized air is re-
quired.

6.1.2 Differential Pressure Gauges. In-
clined manometers, U-tube manometers, or
other differential pressure gauges (e.g.,
magnehelic gauges) that meet the specifica-
tions described in Method 2, Section 6.2.

NoTE: If the differential pressure gauge
produces both negative and positive read-
ings, then both negative and positive pres-
sure readings shall be calibrated at a min-
imum of three points as specified in Method
2, Section 6.2.

7.0 Reagents and Standards [Reserved]

8.0 Sample Collection, Preservation, Storage,
and Transport [Reserved]

9.0 Quality Control [Reserved]

10.0 Calibration and Standardization
[Reserved]

11.0 Procedure

11.1 Selection of Measurement Site.

11.1.1 Sampling and/or velocity measure-
ments are performed at a site located at
least eight stack or duct diameters down-
stream and two diameters upstream from
any flow disturbance such as a bend, expan-
sion, or contraction in the stack, or from a
visible flame. If necessary, an alternative lo-
cation may be selected, at a position at least
two stack or duct diameters downstream and
a half diameter upstream from any flow dis-
turbance.

11.1.2 An alternative procedure is avail-
able for determining the acceptability of a
measurement location not meeting the cri-
teria above. This procedure described in Sec-
tion 11.5 allows for the determination of gas
flow angles at the sampling points and com-
parison of the measured results with accept-
ability criteria.

11.2 Determining the Number of Traverse
Points.

11.2.1 Particulate Traverses.

11.2.1.1 When the eight- and two-diameter
criterion can be met, the minimum number
of traverse points shall be: (1) twelve, for cir-
cular or rectangular stacks with diameters
(or equivalent diameters) greater than 0.61
meter (24 in.); (2) eight, for circular stacks
with diameters between 0.30 and 0.61 meter
(12 and 24 in.); and (3) nine, for rectangular
stacks with equivalent diameters between
0.30 and 0.61 meter (12 and 24 in.).

11.2.1.2 When the eight- and two-diameter
criterion cannot be met, the minimum num-
ber of traverse points is determined from
Figure 1-1. Before referring to the figure,
however, determine the istances from the
measurement site to the nearest upstream
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and downstream disturbances, and divide
each distance by the stack diameter or
equivalent diameter, to determine the dis-
tance in terms of the number of duct diame-
ters. Then, determine from Figure 1-1 the
minimum number of traverse points that
corresponds: (1) to the number of duct diame-
ters upstream; and (2) to the number of di-
ameters downstream. Select the higher of
the two minimum numbers of traverse
points, or a greater value, so that for cir-
cular stacks the number is a multiple of 4,
and for rectangular stacks, the number is
one of those shown in Table 1-1.

11.2.2 Velocity (Non-Particulate) Tra-
verses. When velocity or volumetric flow
rate is to be determined (but not particulate
matter), the same procedure as that used for
particulate traverses (Section 11.2.1) is fol-
lowed, except that Figure 1-2 may be used in-
stead of Figure 1-1.

11.3 Cross-Sectional Layout and Location
of Traverse Points.

11.3.1 Circular Stacks.

11.3.1.1 Locate the traverse points on two
perpendicular diameters according to Table
1-2 and the example shown in Figure 1-3. Any
equation (see examples in References 2 and 3
in Section 16.0) that gives the same values as
those in Table 1-2 may be used in lieu of
Table 1-2.

11.3.1.2 For particulate traverses, one of
the diameters must coincide with the plane
containing the greatest expected concentra-
tion variation (e.g., after bends); one diame-
ter shall be congruent to the direction of the
bend. This requirement becomes less critical
as the distance from the disturbance in-
creases; therefore, other diameter locations
may be used, subject to the approval of the
Administrator.

11.3.1.3 In addition, for elliptical stacks
having unequal perpendicular diameters,
separate traverse points shall be calculated
and located along each diameter. To deter-
mine the cross-sectional area of the ellip-
tical stack, use the following equation:
Square Area=D; x D, x0.7854
Where: D,=Stack diameter 1
D,=Stack diameter 2

11.3.1.4 In addition, for stacks having di-
ameters greater than 0.61 m (24 in.), no tra-
verse points shall be within 2.5 centimeters
(1.00 in.) of the stack walls; and for stack di-
ameters equal to or less than 0.61 m (24 in.),
no traverse points shall be located within 1.3
cm (0.50 in.) of the stack walls. To meet
these criteria, observe the procedures given
below.

11.3.2 Stacks With Diameters
Than 0.61 m (24 in.).

11.3.2.1 When any of the traverse points as
located in Section 11.3.1 fall within 2.5 cm
(1.0 in.) of the stack walls, relocate them
away from the stack walls to: (1) a distance
of 2.6 cm (1.0 in.); or (2) a distance equal to

Greater
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the nozzle inside diameter, whichever is larg-
er. These relocated traverse points (on each
end of a diameter) shall be the ‘“‘adjusted”
traverse points.

11.3.2.2 Whenever two successive traverse
points are combined to form a single ad-
justed traverse point, treat the adjusted
point as two separate traverse points, both
in the sampling and/or velocity measure-
ment procedure, and in recording of the data.

11.3.3 Stacks With Diameters Equal To or
Less Than 0.61 m (24 in.). Follow the proce-
dure in Section 11.3.1.1, noting only that any
‘“‘adjusted” points should be relocated away
from the stack walls to: (1) a distance of 1.3
cm (0.50 in.); or (2) a distance equal to the
nozzle inside diameter, whichever is larger.

11.3.4 Rectangular Stacks.

11.3.4.1 Determine the number of traverse
points as explained in Sections 11.1 and 11.2
of this method. From Table 1-1, determine
the grid configuration. Divide the stack
cross-section into as many equal rectangular
elemental areas as traverse points, and then
locate a traverse point at the centroid of
each equal area according to the example in
Figure 1-4.

11.3.4.2 To use more than the minimum
number of traverse points, expand the ‘‘min-
imum number of traverse points” matrix
(see Table 1-1) by adding the extra traverse
points along one or the other or both legs of
the matrix; the final matrix need not be bal-
anced. For example, if a 4 x 3 ‘“minimum
number of points’ matrix were expanded to
36 points, the final matrix could be 9 x 4 or
12 x 3, and would not necessarily have to be
6 x 6. After constructing the final matrix, di-
vide the stack cross-section into as many
equal rectangular, elemental areas as tra-
verse points, and locate a traverse point at
the centroid of each equal area.

11.3.4.3 The situation of traverse points
being too close to the stack walls is not ex-
pected to arise with rectangular stacks. If
this problem should ever arise, the Adminis-
trator must be contacted for resolution of
the matter.

11.4 Verification of Absence of Cyclonic
Flow.

11.4.1 In most stationary sources, the di-
rection of stack gas flow is essentially par-
allel to the stack walls. However, cyclonic
flow may exist (1) after such devices as cy-
clones and inertial demisters following ven-
turi scrubbers, or (2) in stacks having tan-
gential inlets or other duct configurations
which tend to induce swirling; in these in-
stances, the presence or absence of cyclonic
flow at the sampling location must be deter-
mined. The following techniques are accept-
able for this determination.

11.4.2 Level and zero the manometer. Con-
nect a Type S pitot tube to the manometer
and leak-check system. Position the Type S
pitot tube at each traverse point, in succes-
sion, so that the planes of the face openings
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of the pitot tube are perpendicular to the
stack cross-sectional plane; when the Type S
pitot tube is in this position, it is at ‘‘0° ref-
erence.”” Note the differential pressure (Ap)
reading at each traverse point. If a null
(zero) pitot reading is obtained at 0° ref-
erence at a given traverse point, an accept-
able flow condition exists at that point. If
the pitot reading is not zero at 0° reference,
rotate the pitot tube (up to +90° yaw angle),
until a null reading is obtained. Carefully de-
termine and record the value of the rotation
angle (o) to the nearest degree. After the
null technique has been applied at each tra-
verse point, calculate the average of the ab-
solute values of o; assign o values of 0° to
those points for which no rotation was re-
quired, and include these in the overall aver-
age. If the average value of o is greater than
20°, the overall flow condition in the stack is
unacceptable, and alternative methodology,
subject to the approval of the Administrator,
must be used to perform accurate sample and
velocity traverses.

11.5 The alternative site selection proce-
dure may be used to determine the rotation
angles in lieu of the procedure outlined in
Section 11.4.

11.5.1 Alternative Measurement Site Se-
lection Procedure. This alternative applies
to sources where measurement locations are
less than 2 equivalent or duct diameters
downstream or less than one-half duct di-
ameter upstream from a flow disturbance.
The alternative should be limited to ducts
larger than 24 in. in diameter where blockage
and wall effects are minimal. A directional
flow-sensing probe is used to measure pitch
and yaw angles of the gas flow at 40 or more
traverse points; the resultant angle is cal-
culated and compared with acceptable cri-
teria for mean and standard deviation.

NoOTE: Both the pitch and yaw angles are
measured from a line passing through the
traverse point and parallel to the stack axis.
The pitch angle is the angle of the gas flow
component in the plane that INCLUDES the
traverse line and is parallel to the stack
axis. The yaw angle is the angle of the gas
flow component in the plane PERPEN-
DICULAR to the traverse line at the tra-
verse point and is measured from the line
passing through the traverse point and par-
allel to the stack axis.

11.5.2 Traverse Points. Use a minimum of
40 traverse points for circular ducts and 42
points for rectangular ducts for the gas flow
angle determinations. Follow the procedure
outlined in Section 11.3 and Table 1-1 or 1-2
for the location and layout of the traverse
points. If the measurement location is deter-
mined to be acceptable according to the cri-
teria in this alternative procedure, use the
same traverse point number and locations
for sampling and velocity measurements.

11.5.3 Measurement Procedure.
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11.5.3.1 Prepare the directional probe and
differential pressure gauges as recommended
by the manufacturer. Capillary tubing or
surge tanks may be used to dampen pressure
fluctuations. It is recommended, but not re-
quired, that a pretest leak check be con-
ducted. To perform a leak check, pressurize
or use suction on the impact opening until a
reading of at least 7.6 cm (3 in.) H,O registers
on the differential pressure gauge, then plug
the impact opening. The pressure of a leak-
free system will remain stable for at least 15
seconds.

11.5.3.2 Level and zero the manometers.
Since the manometer level and zero may
drift because of vibrations and temperature
changes, periodically check the level and
zero during the traverse.

11.5.3.3 Position the probe at the appro-
priate locations in the gas stream, and ro-
tate until zero deflection is indicated for the
yvaw angle pressure gauge. Determine and
record the yaw angle. Record the pressure
gauge readings for the pitch angle, and de-
termine the pitch angle from the calibration
curve. Repeat this procedure for each tra-
verse point. Complete a ‘‘back-purge’ of the
pressure lines and the impact openings prior
to measurements of each traverse point.

11.5.3.4 A post-test check as described in
Section 11.5.3.1 is required. If the criteria for
a leak-free system are not met, repair the
equipment, and repeat the flow angle meas-
urements.

11.5.4 Calibration. Use a flow system as
described in Sections 10.1.2.1 and 10.1.2.2 of
Method 2. In addition, the flow system shall
have the capacity to generate two test-sec-
tion velocities: one between 365 and 730 m/
min (1,200 and 2,400 ft/min) and one between
730 and 1,100 m/min (2,400 and 3,600 ft/min).

11.5.4.1 Cut two entry ports in the test
section. The axes through the entry ports
shall be perpendicular to each other and
intersect in the centroid of the test section.
The ports should be elongated slots parallel
to the axis of the test section and of suffi-
cient length to allow measurement of pitch
angles while maintaining the pitot head po-
sition at the test-section centroid. To facili-
tate alignment of the directional probe dur-
ing calibration, the test section should be
constructed of plexiglass or some other
transparent material. All calibration meas-
urements should be made at the same point
in the test section, preferably at the centroid
of the test section.

11.5.4.2 To ensure that the gas flow is par-
allel to the central axis of the test section,
follow the procedure outlined in Section 11.4
for cyclonic flow determination to measure
the gas flow angles at the centroid of the
test section from two test ports located 90°
apart. The gas flow angle measured in each
port must be +2° of 0°. Straightening vanes
should be installed, if necessary, to meet this
criterion.
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11.5.4.3 Pitch Angle Calibration. Perform
a calibration traverse according to the man-
ufacturer’s recommended protocol in 5° in-
crements for angles from —60° to +60° at one
velocity in each of the two ranges specified
above. Average the pressure ratio values ob-
tained for each angle in the two flow ranges,
and plot a calibration curve with the average
values of the pressure ratio (or other suit-
able measurement factor as recommended by
the manufacturer) versus the pitch angle.
Draw a smooth line through the data points.
Plot also the data values for each traverse
point. Determine the differences between the
measured data values and the angle from the
calibration curve at the same pressure ratio.
The difference at each comparison must be
within 2° for angles between 0° and 40° and
within 3° for angles between 40° and 60°.

11.5.4.4 Yaw Angle Calibration. Mark the
three-dimensional probe to allow the deter-
mination of the yaw position of the probe.
This is usually a line extending the length of
the probe and aligned with the impact open-
ing. To determine the accuracy of measure-
ments of the yaw angle, only the zero or null
position need be calibrated as follows: Place
the directional probe in the test section, and
rotate the probe until the zero position is
found. With a protractor or other angle
measuring device, measure the angle indi-
cated by the yaw angle indicator on the
three-dimensional probe. This should be
within 2° of 0°. Repeat this measurement for
any other points along the length of the
pitot where yaw angle measurements could
be read in order to account for variations in
the pitot markings used to indicate pitot
head positions.

12.0 Data Analysis and Calculations

12.1 Nomenclature.
L=length.
n=total number of traverse points.
Pi=pitch angle at traverse point i, degree.
Rav,=average resultant angle, degree.
Ri=resultant angle at traverse point i, de-
gree.
Sgs=standard deviation, degree.
W=width.
Yi=yaw angle at traverse point i, degree.

12.2 For a rectangular cross section, an
equivalent diameter (D.) shall be calculated
using the following equation, to determine
the upstream and downstream distances:

_2(L)(W)
¢ L+W

12.3 If use of the alternative site selection
procedure (Section 11.5 of this method) is re-
quired, perform the following calculations
using the equations below: the resultant
angle at each traverse point, the average re-
sultant angle, and the standard deviation.
Complete the calculations retaining at least

Eq. 1
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one extra significant figure beyond that of
the acquired data. Round the values after
the final calculations.

R; = arc cosine [(cosine Y, )(cosine P, )]

12.3.2 Calculate the average resultant for
the measurements:

R,,=YRi/m Eq. 13

12.3.3 Calculate the standard deviations:

SRR

Sd:\\‘IZ(T

12.3.4 Acceptability Criteria. The meas-
urement location is acceptable if R.,, < 20°
and S4 <10°.

Eq. 14

13.0 Method Performance [Reserved]
14.0 Pollution Prevention [Reserved]
15.0 Waste Management [Reserved]
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Figure 1-1. Minimum number of traverse points for particulate traverses.

TABLE 1—1 CROSS-SECTION LAYOUT FOR TABLE 1—1 CROSS-SECTION LAYOUT FOR
RECTANGULAR STACKS RECTANGULAR STACKS—Continued
Number of tranverse points layout Matrix Number of tranverse points layout Matrix
9. 3x3 30 6x5
12 4x3 36 6x6
16 4x4 42 7%6
20 5x4
o5 55 49 7<7

11
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Figure 1-2. Minimum number of traverse points for velocity (nonparticulate)
traverses.

TABLE 1-2—LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
[Percent of stack diameter from inside wall to tranverse point]

40 CFR Ch. | (7-1-09 Edition)

Traverse Number of traverse points on a diameter
point

number on

a diameter 2 4 6 8 10 12 14 16 18 20 22 24
1. 14.6 6.7 4.4 32 26 21 1.8 1.6 1.4 1.3 1.1 1.1
2 854 | 25.0 14.6 10.5 8.2 6.7 57 4.9 4.4 3.9 35 3.2
3 750 | 29.6 19.4 14.6 11.8 9.9 85 7.5 6.7 6.0 55
4 93.3 70.4 32.3 22.6 17.7 14.6 125 10.9 9.7 8.7 7.9
5. 85.4 67.7 34.2 25.0 20.1 16.9 14.6 12.9 11.6 10.5

12
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TABLE 1—2—LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS—Continued
[Percent of stack diameter from inside wall to tranverse point]
Traverse Number of traverse points on a diameter
point
number on
a diameter 2 4 6 8 10 12 14 16 18 20 22 24
956 | 806 | 658| 356| 269| 220 18.8 16.5 14.6 13.2
895 | 774| 644| 366| 283| 236| 204 18.0 16.1
968 | 854 | 750| 634| 375| 296| 25.0| 218 19.4
91.8| 823 | 7341 625 | 382 306 | 26.2| 230
974 | 882| 799| 717| 618| 388| 315| 272
933 | 854| 780| 704| 612| 393| 323
97.9 | 9041 83.1 76.4| 694 | 607| 398
943| 875| 812| 750| 685| 602
982 | 915| 854 | 796| 738| 677
95.1 89.1 835 | 782 | 728
98.4| 925 87.1 82.0| 77.0
956 | 90.3| 854 | 806
98.6| 933 | 884 | 839
96.1 91.3 | 86.8
98.7 | 94.0| 895
96.5 | 921
98.9| 945
96.8
99.9

D
VAN 5
Traverse % of diameter ﬁ
Point D‘i’shnec “
1 44
2 147
3 295
4 70.5
5 853
6 95.6 . v'
Y X i1
Figure 1-3. Example showing circular stack cross

section divided into 12 equal areas, with location of

traverse points.

METHOD 1A—SAMPLE AND VELOCITY TRA-
VERSES FOR STATIONARY SOURCES WITH
SMALL STACKS OR DUCTS

NoOTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling) essen-
tial to its performance. Some material is in-
corporated by reference from other methods
in this part. Therefore, to obtain reliable re-
sults, persons using this method should have
a thorough knowledge of at least the fol-
lowing additional test method: Method 1.

1.0 Scope and Application

1.1 Measured Parameters. The purpose of
the method is to provide guidance for the se-
lection of sampling ports and traverse points
at which sampling for air pollutants will be

performed pursuant to regulations set forth
in this part.

1.2 Applicability. The applicability and
principle of this method are identical to
Method 1, except its applicability is limited
to stacks or ducts. This method is applicable
to flowing gas streams in ducts, stacks, and
flues of less than about 0.30 meter (12 in.) in
diameter, or 0.071 m?2 (113 in.2) in cross-sec-
tional area, but equal to or greater than
about 0.10 meter (4 in.) in diameter, or 0.0081
m?2 (12.57 in.2) in cross-sectional area. This
method cannot be used when the flow is cy-
clonic or swirling.

1.3 Data Quality Objectives. Adherence to
the requirements of this method will en-
hance the quality of the data obtained from
air pollutant sampling methods.

13
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2.0 Summary of Method

2.1 The method is designed to aid in the
representative measurement of pollutant
emissions and/or total volumetric flow rate
from a stationary source. A measurement
site or a pair of measurement sites where the
effluent stream is flowing in a known direc-
tion is (are) selected. The cross-section of
the stack is divided into a number of equal
areas. Traverse points are then located with-
in each of these equal areas.

2.2 In these small diameter stacks or
ducts, the conventional Method 5 stack as-
sembly (consisting of a Type S pitot tube at-
tached to a sampling probe, equipped with a
nozzle and thermocouple) blocks a signifi-
cant portion of the cross-section of the duct
and causes inaccurate measurements. There-
fore, for particulate matter (PM) sampling in
small stacks or ducts, the gas velocity is
measured using a standard pitot tube down-
stream of the actual emission sampling site.
The straight run of duct between the PM
sampling and velocity measurement sites al-
lows the flow profile, temporarily disturbed
by the presence of the sampling probe, to re-
develop and stabilize.

3.0 Definitions [Reserved]
4.0 Interferences [Reserved]

5.0 Safety

5.1 Disclaimer. This method may involve
hazardous materials, operations, and equip-
ment. This test method may not address all
of the safety problems associated with its
use. It is the responsibility of the user of this
test method to establish appropriate safety
and health practices and determine the ap-
plicability of regulatory limitations prior to
performing this test method.

6.0 Equipment and Supplies [Reserved]
7.0 Reagents and Standards [Reserved]

8.0 Sample Collection, Preservation, Storage,
and Transport [Reserved]

9.0 Quality Control [Reserved]

10.0 Calibration and Standardization
[Reserved]

11.0 Procedure

11.1 Selection of Measurement Site.

11.1.1 Particulate Measurements—Steady
or Unsteady Flow. Select a particulate meas-
urement site located preferably at least
eight equivalent stack or duct diameters
downstream and 10 equivalent diameters up-
stream from any flow disturbances such as
bends, expansions, or contractions in the
stack, or from a visible flame. Next, locate
the velocity measurement site eight equiva-
lent diameters downstream of the particu-
late measurement site (see Figure 1A-1). If
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such locations are not available, select an al-
ternative particulate measurement location
at least two equivalent stack or duct diame-
ters downstream and two and one-half diam-
eters upstream from any flow disturbance.
Then, locate the velocity measurement site
two equivalent diameters downstream from
the particulate measurement site. (See Sec-
tion 12.2 of Method 1 for calculating equiva-
lent diameters for a rectangular cross-sec-
tion.)

11.1.2 PM Sampling (Steady Flow) or Ve-
locity (Steady or Unsteady Flow) Measure-
ments. For PM sampling when the volu-
metric flow rate in a duct is constant with
respect to time, Section 11.1.1 of Method 1
may be followed, with the PM sampling and
velocity measurement performed at one lo-
cation. To demonstrate that the flow rate is
constant (within 10 percent) w